Introduction: Ultrasound guided percutaneous nephro stomy (PCN) is a safe and effective treatment option for obstructive uropathy. Several techniques have been described in documents. However, the recommendation of PCN technique has not been proposed.
INTRODUCTION
Obstructive uropathy is defined as a condition occurring due to blockage of urine flow, resulting in increased pressure within the collecting system and destruction of the parenchyma of the kidney, in which there is loss of renal function. Once the diagnosis is suspected, treatment should be necessary to decompress. Currently available surgical drainage methods include operative nephrostomy, retrograde stenting and percutaneous nephrostomy (PCN) [1] . Operative nephrostomy or therapeutic nephrectomy may increase the morbidity and mortality. Treatment failure of retrograde ureteral stent is likely to occur. Moreover, sometimes a stent fails to alleviate the symptoms [2] . Therefore, PCN catheter placement recently has become a widely accepted alternative method.
Although PCN was developed using fluoroscopic guidance, ultrasound guided procedure is now safe, effective and reliable [3] [4] [5] . Two main PCN techniques have been described in documents [6, 7] . The standard Seldinger technique is the most commonly used. The one-step technique (or direct puncture technique) may be an alternative option for the traditional technique in selected cases. Compared with the classic technique, the novel one-step technique has been reported to be a simple, less time consuming, less traumatic, and safe procedure [8, 9] . 
AIM
The aim of the study was to compare the success rate and the related complications of two different techniques.
In addition, we attempt to determine a baseline value of hydronephrosis grade to orient surgeon's technique selection preoperatively.
MATERIALS AND METHODS
A retrospective study was carried out in 141 patients suffering from obstructive uropathy from January 2009 to January 2015. The study protocol was approved by the ethical committee of the First People's Hospital of Yueyang city, China.
All patients were subjected to routine investigations prior to the procedure, including blood count, chemistry and coagulation profile. Abdomen CT was done to decide the nature and site of ureteral obstruction. The patients were started on the empirical antibiotics when necessary. Those who simultaneously had untreated bleeding disorders were excluded from the study.
PCNs were performed for all patients entirely under ultrasound guidance. The procedure was explained to the patients and relatives. Informed consent was obtained from every patient.
The patients were placed on the ultrasound table in prone position. Ultrasound scanning (ACUSON Sequola 512 multicolor ultrasound instrument with transducer frequency 3.5MHz, USA) was performed using a transducer to obtain a transverse plane scan through the kidney to identify the degree of hydronephrosis. An anterior-posterior renal pelvis diameter was measured [Table/ Fig-1 ]. The ideal puncture site into the kidney is via a posterior calyx approach. As soon as the initial puncture site was chosen, it was cleaned and draped. Local anesthesia was injected at the puncture site using 5~10ml of 2% lidocaine. We utilized one step drainage catheter set with safety string lock (Bioteque Corporation Taipei, Taiwan, China) as nephrostomy tract in all patients. The drainage catheter set includes a pigtail catheter (size from 7Fr to 16Fr, length 30cm) and a trocar puncture needle.
Procedure Technique
In Seldinger technique, under real-time ultrasound guidance an 18G PTC needle (Hakko Co. Ltd, Nagano-ken, Japan) was inserted into the target calyx [Table /Fig-2] ; Then a curved J tip 0.038-inch guide-wire (Cook, Bloomington, IN, USA) was passed through the needle sheath into collecting system with the help of an assistant. Then the sheath was removed and the wire was retained. The incision of skin and fascia was done. The drainage catheter set without inner metallic stylet was introduced into the collecting system following the guide-wire. The metallic trocar was removed. The drainage catheter was advanced into the collecting system further following the wire. Finally, after confirming the drainage catheter head curling in the collecting system, the guide wire was removed [Table/ Fig-3 ]. The safety string lock was tightened. The catheter was secured to the skin using silk 4-0 and connected to a drainage bag.
In one-step technique, the skin and fascia were incised and then the scanning head was shifted over the incision to measure the distance between the skin and the calyx. The drainage catheter with puncture needle was inserted through the incision into the collecting system under realtime ultrasound guidance. Once the drainage set was at desired calyx for enough length, the trocar with the inner metallic tubes was removed and the drainage catheter was advanced into the collecting system further. No guide-wire and serial dilatation were undertaken during the procedure.
Urine samples were obtained and sent for Gram stain and culture. All patients ordered for having a rest in bed for 24 hours. Broad spectrum antibiotic and anti-hemorrhage drugs were routinely given for one day in post-procedure.
The patients were divided into Seldinger technique group (ST) and one-step technique group (OT) for this comparison study.
Procedure time was defined as the time between the first renal puncture to the completion of the procedure. Procedure success was defined as the drainage catheter into the collecting system.
STATISTICAL ANALySIS
SPSS software package (versions 19.0, SPSS, Inc.,Chicago, IL, USA) was used for all statistical analyses. Comparisons were made using Student's 't' tests and Pearson's chisquare tests. A p-value < 0.05 was considered statistically significant.
RESULTS
A total of 141 patients were included in this analysis. Out of all nine patients required bilateral procedures. Therefore, total 150 renal units were performed PCNs. The patient's characteristics have been shown in [ We further explored the correlation between the degree of collecting system dilation and primary technique success rate in both groups. The 150 kidney units were divided into two sub-groups taking 3cm hydronephrosis grade as the critical value [Table/ Fig-6 ]. The difference of the primary technique success rate was significant in less than 3cm subgroup.
All patients tolerated the procedure well. There were 50 (33.3%) complications encountered in the study. We assessed the complications followed the classification into major complication and minor complication [ by acute infection, especially pyonephrosis. PCN catheters and cystoscopic insertion of a ureteral stent are preferred treatment choice. In the published literatures, most of studies announced that PCN group had a higher success rate, lower failure rate, less complication, shorter period of administration of antibiotics and better quality of life [10] [11] [12] [13] . Therefore, many authors considered PCN a well-established procedure for this disease [11, 14] .
In the early stage of PCN development, it was performed under fluoroscopic guidance. Currently, ultrasound has been used in lieu of fluoroscopy due to no radiation exposure and a higher success rate and lower complication rate. Other advantages ultrasound holds over X-ray include avoiding adjacent organ injury and intrarenal vascular injury, and offering a shortest access to the collecting system [5, 15] . The advent of ultrasound imaging has allowed urologists for this procedure. In our center, this procedure has been considered the first-line treatment option for upper urinary obstruction, particularly with urgent pyronephrosis and poor renal function. However, certain limitations have to be considered such as non standardization of technical availability, special expertise always requiring and variability of technical success and complication.
Currently several techniques, such as Seldinger technique, onestep technique, one-stick technique, two-stick technique [16] and mixed technique [6] , has been introduced for PCN. In our center, the most commonly used methods are Seldinger technique and one-step technique under solo ultrasound guidance. Among them, the Seldinger technique has been considered the golden standard for PCN. Other techniques evolved from it, such as one-stick technique and mixed technique. The classic method involves imaging guided puncture, guide wire insertion, serial dilatation and tube placement [17] . The success rate ranged from 84%~100% [5, 18] . In the present study, we achieved a 100% success rate by using this approach. Serial dilatations were absent due to using the one step drainage catheter set. Hence, the present technique is more like one-stick technique and mixed technique. But a pyelography with contrast was performed in the above two techniques.
Compared with conventional technique, the one-step technique was considered to be easy, quick, safe and effective. Primary success rate ranged from 93% to 96% [8, 9, 19] . In the present study, the success rate of 87.6% was lower than the reported outcomes. Significant difference was found when compared with Seldinger group. But it was comparable to 80%~ 88% success rate of retrograde ureteral stent [10] [11] [12] . Now clear guidelines regarding technical selection for PCN have not been established. The clinical decision mostly depends on the urologist's preference and experience. Generally, Seldinger approach can be used in various degrees of hydronephrosis based on the published literatures. But the one-step approach has been attractive with an easy, quick and one-step process. Unfortunately, some studies demonstrated that this approach was indicated for moderate to severe hydronephrosis and not indicated for mild hydronephrosis [17] . In a comparative study including the Seldinger group and one-step group, the primary technical success rate was 98% vs 93% [19] . In present study, there was significant difference in primary success rate of two techniques, 100% vs 87.6%. Absence of hydronephrosis was the critical factor leading to puncture failure in one-step group. Therefore, it is absolutely necessary to establish a baseline of hydronephrosis for guiding technique selection in order to reduce the risk of fruitless reinsertion or surgical conversion. According to the findings in our study, we recommended 3cm of collecting system dilatation should be an acceptable baseline.
Admittedly, whatever technique is selected, ultrasoundguided PCN is technically demanding. Study curve is long. Some special expertise is demanded for improving success rate. When Seldinger technique is used, identification of the puncture needle is a difficulty, especially in the early part of study. By using ultrasound probe puncture frame, the needle is more easily visualized. When one-step technique is used, overcoming the puncture resistance, which is associated with tube size, is a problem. To cut the skin deeply to latissimus dorsi layer and to enlarge the tissue using clamp may reduce the resistance. Smoothly and effortlessly introducing tube decreases the risk of injuring anterior calyx and pelvis. 8Fr tube is enough to reduce resistance and maintain free drainage.
The injury to major segmental branches of the renal vessels will cause severe bleeding. Color Doppler flow imaging demonstrates the intrarenal vessels and help manipulator to avoid the area of rich blood flow. It is important to follow the next steps for safe surgery: to visualize puncture needle, the target calyx and pelvis in the puncture path; to insert guidewire or tube under real-time ultrasound guidance.
Technically the procedure is performed more safely and easily in a dramatically dilated pelvicaliceal. PCN in a mild or nondilated pelvicaliceal system has been technically challenging. Following next steps may increase success rate. Firstly, ultrasound visualization of both pelvis and calyx throughout the procedure is the key to success [20] . Secondly, Seldinger approach is recommended as mentioned above. Thirdly, sometimes changing position to lateral may be useful for puncturing the ideal calyceal. Fourthly, once the puncture needle is inserted into the target calyx, introducing guide-wire into pelvis, not calyx, is demanded for avoiding collecting system collapse leading to tube placement failure. When necessary, 10~20ml normal saline should be injected slowly to dilate collecting system before guide-wire insertion. However, over distentsion should be forbidden in any situation, especially during acute infection, for fear of the increasing risk of sepsis by forcing infected urine into the venous system.
Complication associated with PCN is an important issue requiring concern. In the published studies, overall complication rate of about 30% has been reported [6, 20] , major complications, such as injury to adjacent organs, severe bleeding required transfusion, and sepsis are as high as 6~7%, whereas minor complications may be seen in up to 28%, which is comparable to our study , 9.3% and 24% respectively. Mortality related to the procedure has less been reported. It is equally distributed among ultrasound guided and fluoroscopic guided groups. In a series reported by Naeem M et al, Ahamad I et al., and Jalbani MH et al., respectively, a risk of sepsis was 2.0%, 3.5% and 7.5% [1, 20, 21] . In the setting of pyonephrosis, septic shock is reported to occur in 7% to 9% [22] . The rate of hemorrhage requiring transfusion with PCN was reported to be between 1% and 4% [23] .
In the present study, the incident rate of sepsis, transfusion and adjacent organ injury was 1.3%(2/150), 1.3%(2/150) and 6.7%(10/150) respectively. It was accordance with the reported results. Post-PCN tract blockage or dislodgment observed ranged from 4%-37% while it was 5.3% (8/150) in the present study. No dislodgment took place. Careful suturing and advancement of the catheter well into the pelvis will minimize the risk of dislodgement.
It is not clear whether different technical application may affect the complication occurrence. In Wah TM's study, the major complications was 4.1% vs. 3.2%, the minor complication rate was 5% vs. 1.3%, and tube complications, such as drainage catheter dislodgement and blockage were 29.5% vs. 17.7%,in Seldinger group and one-step group [19] . In the present study, significant difference was found in overall complication rate (15.1% vs. 43.3%), major complication rate (1.9% vs. 13.4%) and minor complication rate (13.3% vs. 29.9%). However, we noted that a statistically significant difference only occurred in the specific complication of post-procedure pain. We can not ascertain that Seldinger technique is associated with lower complication rate due to small samples. But our findings supported that a small tube could reduce pain in the immediate postoperative time.
LIMITATIONS
There are some limitations in the present study. As a comparative study the number of cases is relatively small. Since special expertise is needed for ultrasound guided PCN, the unskilled surgeon may have adverse impact on the observation of outcome.
CONCLUSION
Ultrasound-guided PCN is an effective and safe treatment method for obstructive uropathy. The Seldinger technique can effectively achieve success in all possible situations and is superior to the one-step technique when hydronephrosis is <3cm. One-step PCN is an effective and safe procedure in selected patients with hydronephrosis ≥3cm. We recommend 3cm of hydronephrosis should be an acceptable baseline for technique selection.
